Abstract -A new route for the synthesis of benzo[h]-1,6-naphthyridines is described. The method involves the intramolecular Diels-Alder cycloaddition of aryl oxazoles with substituted acrylamides to give pyridines and was developed as a route to the antileukemic aromatic alkaloid 2-bromoleptoclinidinone.
(1), a route which involves the intramolecular Diels-Alder cycloaddition of aryl oxazoles to give benzo[h]-1, 6- A retrosynthetic analysis applied to 1 indicates that the required pentacyclic aromatic system could be easily assembled from the simple aromatic 8 by two successive intramolecular Diels-Alder reactions of oxazoles with activated alkenes. Thus conversion of 8 into the β-carbomethoxyacrylamide (7) followed by cycloaddition would afford the tricyclic aromatic benzo[h]-1,6-naphthyridine (6) . Conversion of the amide to the chloroimine (5) and then to the oxazole enone (4) would set the stage for a final intramolecular Diels-Alder reaction to produce 2-bromoleptoclinidinone (1). Diels-Alder reactions of oxazoles and activated alkenes to give pyridines are well-known, 6 having first been studied in the 1950s by Kondrat'eva. 7 The yields in intermolecular cycloadditions are not always high. 8 The intramolecular version of this process has been used recently by
Weinreb and Levin as the key high-yielding step in a synthesis of eupolauramine. 9 Thus it seemed reasonable that the two related intra-molecular Diels-Alder reactions of aryl oxazoles with activated alkenes, e.g., 7 → 6 and 4 → 1, would allow us to efficiently prepare 1. We decided to first examine the synthetic route on the simpler des-bromo system to prepare leptoclinidinone.
Therefore the amine (10) was prepared from 2-nitrobenzaldehyde (9) in three steps 10 and acylated with acryloyl chloride (11) to give the amide (12) bond between the amide NH and the oxazole nitrogen, which would cause the intramolecular Diels-Alder reaction to be slower than expected. The proton ortho to the amide in 12 and 14 (and in the N-benzoyl analogue 15) resonates at very low field (8.83 to 8.99) compared to the analogous proton in the N-benzyl analogues (16) and (17), which resonates 2 ppm higher (presumably due to a 90° rotation about the aryl-N bond). We therefore decided to investigate the use of these N-alkylamides in the cycloaddition. 
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At this time Levin published the results of his study of the effects of europium salts on intramolecular oxazole Diels-Alder reactions. 12 We therefore heated the amide (17) in o-dichlorobenzene at 75°C for 9 h in the presence of 6 mole % Eu(hfc) 3 and obtained the desired tricycle (19) in 87% yield. These reaction conditions worked equally well on the secondary amide. Thus heating the amide (14) in deoxygenated o-dichlorobenzene at reflux for 18 h in the presence of 6 mole % Eu(fod) 3 Concurrent with this work, the preparation of the required bromo compound was under way. The known 4-bromo-2-nitrotoluene 13 (22) was brominated to give the bromomethyl compound (23) in 50% yield along with 36% recovered starting material. Oxidation to the aldehyde (24) was effected with DMSO and mild base.
Condensation of the aldehyde (24) with aminoacetaldehyde diethyl acetal gave the imine (25) in 92% yield.
Final oxidative cyclization of 25 by heating with sulfuric acid and P 2 O 5 gave the desired oxazole (26) in an up optimized yield of 14%. At this point, the structural revision of 2-bromoleptoclinidinone (3) 5 appeared and all further work on the incorrect structure (1) was terminated.
We have shown the utility of intramolecular Diels-Alder reactions of aryloxazoles with carbomethoxyacrylamides as a method for the high-yielding preparation of benzo[h]-1,6-naphthyridine systems. 
Methyl (E)-4-[(2-[2-oxazolyl]phenyl)amino]-4-oxo-2-butenoate (14).
To the oxazole (10) (1.41 g, 8.81 mmol) in ether (100 ml) at room temperature was added diisopropylethylamine (2.27 g, 17.6 mmol). The solution was cooled to -78° C and acid chloride 11 13 (1.45 g, 9.69 mmol) was added dropwise. The reaction was warmed to room temperature after 30 min and stirred for 18 h. Water (100 ml) was added, the organic layer was separated and the aqueous phase was extracted with methylene chloride (3 x 75 ml). The combined organic layers were dried over MgSO 4 , filtered and absorbed onto silica gel (9 g). Flash chromatography using 25% ether in hexanes as the eluent afforded 1.88 g (78%) of compound 14 as a pale yellow solid, mp 152-153° 264.0900.
2-[2-(N-Benzylamino)phenyl]oxazole (18).
The amide (15) (1.72 g, 6.5 mmol) in THF (100 ml) was added dropwise to a mixture of lithium aluminum hydride (990 mg, 26 mmol) in THF (100 ml) at room temperature.
After stirring for 5 h, the reaction mixture was quenched by the addition of water (1 ml), then 15% aqueous sodium hydroxide (1 ml), followed by water (3 ml 
Methyl (E)-4-[phenylmethyl-(2-[2-oxazolyl]phenyl)amino]-4-oxo-2-butenoate (17).
To a solution of the oxazole (18) (800 mg, 3.2 mmol) in ether (50 ml) at room temperature was added triethylamine (810 mg, 8.0 mmol). The solution was cooled to -78° C and acid chloride 13 (522 mg, 3.52 mmol) was added dropwise. The solution was warmed to room temperature after 30 min and stirred for 18 h. Water (75 ml) was added, the organic layer separated and the aqueous phase extracted with methylene chloride (3 x 50 ml). The combined organic layers were dried over MgSO 4 , filtered and absorbed onto silica gel (4 g). Flash chromatography using 50% ether in hexanes afforded 1.06 g (89%) of 17 as a poorly melting white solid. 
4-Bromo-2-nitrobenzaldehyde (24).
To a solution of 23 (296 mg, 1.00 mmol) in dry DMSO (50 ml) was added anhydrous sodium bicarbonate (504 mg, 6.00 mmol). The reaction mixture was heated at 80° C for 12 h.
Water (100 ml) was added to the reaction and the mixture was extracted with methylene chloride (3 x 75 ml).
The combined organic layers were dried over MgSO 4 , filtered and concentrated. Flash chromatography using 25% methylene chloride in hexanes as the eluent afforded 145 mg (68%) of aldehyde (24) 
